SUMMARY The electrocardiographic and vectorcardiographic (Frank system) features of the first degree relatives of subjects with documented familial hypertrophic cardiomyopathy were analysed. A total of nine affected members and 29 relatives were examined in four families. The subjects were considered to be affected when the septal to free posterior wall thickness ratio exceeded 1*3 at M-mode echocardiography.
Most investigators agree that in some cases hypertrophic cardiomyopathy is genetically transmitted. l- 3 This view has been drawn mainly from echocardiographic studies on the first degree relatives of subjects with documented hypertrophic cardiomyopathy. ' 24 In these studies asymmetric septal hypertrophy was used as the diagnostic marker of the disease. 1 4 Several authors, however, have recently questioned the reliability of M-mode echocardiography alone in making the diagnosis.5-'0 Goodwin,II for example, emphasised that a firm diagnosis of hypertrophic cardiomyopathy should rely on all clinical and laboratory data, including the history, clinical signs, electrocardiogram, cardiac catheterisation, angiography, and M-mode or two dimensional echocardiography. Furthermore, a positive family study may strongly support the diagnosis of genetically transmitted hypertrophic cardiomyopathy in a propositus with Accepted for publication 4 February 1982 asymmetrc septal hypertrophy. 3 
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The electrocardiogram and vectorcardiogram have commonly been considered secondary aids in the identification or assessment of the severity of hypertrophic cardiomyopathy because they do not show specific abnormalities. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Consequently, until now little attention has been focused on the electrocardiographic findings in the relatives of subjects with the disease. 2 In this study we report the electrocardiographic and vectorcardiographic findings in first degree relatives of subjects with documented familial hypertrophic cardiomyopathy, and their relation with M-mode echocardiographic data.
Subjects and methods
Four families were studied, in which two of more living first degree relatives had previous haemodynamic and angiographic evidence of hyper-trophic cardiomyopathy. Sudden deaths had occurred in one or more members of three families. All of the surviving members with previously documented hypertrophic cardiomyopathy (index cases) and their first degree relatives (parents, children, brothers, and sisters) were asked to co-operate in the study, which included a history, physical examination, standard 12 lead electrocardiograms, vectorcardiograms, and M-mode echocardiograms. Whenever possible, detailed information on the family members who had died or who did not co-operate (seven subjects) was collected.
Nine index cases (five male and four female, age range from 10 to 61 years, mean 40.2±17.3) and 29 first degree relatives (15 male and 14 female, aged from 4 to 59 years, mean 15.7± 11 1) were examined. Of the first degree relatives, eight (two men and six women) were over 20 years and 21 (13 male and eight female subjects, aged from 4 to 20, mean 11.0±6-3) were under 20 years of age. The number of members examined for each family was as follows: family A, two index, three relatives; family B, two index, 10 relatives; family C, three index, 11 relatives; family D, two index, five relatives. The 38 control subjects were under 20 years (18 male and 20 female) without any clinical evidence of cardiovascular disease, and these were compared with those relatives who were younger than 20 years. Their ages ranged from 4 to 20 years, mean 9*9+5.5.
M-MODE ECHOCARDIOGRAPHY
M-mode echocardiograms were recorded using a 2-25 MHz transducer of 1.5 cm diameter and 7-5 cm focal length connected to a modified Smith-Kline Echoline 20A. The output was displayed on a Cambridge strip-chart recorder. The paper speed was 50 mm/s. The examination was performed with the subject in a supine or left semilateral position, via the third or the fourth left intercostal space at the left sternal border.
The following echocardiographic measurements were obtained (Fig. 1) .22 (1) The thickness of the interventricular septum, measured in diastole, at the first deflection of the QRS complex below the tips of the mitral valve leaflets using the leading edge method. (2) The following vectorcardiographic variables were considered: (1) QRS duration; (2) QRS rotation in each plane; (3) Q, R, and S amplitude in x, y, and z; (4) Q/R ratio in z (anteroposterior forces ratio); R/S ratio in x (leftward-rightward forces ratio); (5) Asymmetric septal hypertrophy was present in all nine index cases. In these, ventricular septal thickness ranged from 13 to 32 mm.
Four first degree relatives had asymmetric septal hypertrophy: one was a 52 year old man, brother of two affected sisters (family B), one a 20 year old man, son of an affected mother (family C), and two were brothers, 10 and 18 years of age, of a 19 year old affected girl (family D).
Asymmetric septal hypertrophy was absent in 25 relatives. Eighteen of these subjects were under 20 years of age. Ten were male and eight female. Their ages ranged from 4 to 20 years, mean 10-7+6 0.
The corrected thickness of the interventricular septum was abnormal in all the index cases. Three index subjects showed anterior systolic movement of the anterior mitral leaflet and mid-systolic closure of the aortic leaflets.
The corrected thickness of the interventricular septum was abnormal in three of four relatives with asymmetric septal hypertrophy. None of these showed abnormal movement of the mitral or aortic valve.
The echocardiographic measurements in the relatives under 20 years and without asymmetric septal hypertrophy are presented in Table 1 and compared with those of the normal control subjects. The echocardiographic data of the normal controls corresponded to data published for subjects of than 7 mm.24 Of these, three were older than 12 years. In one case abnormal left axis deviation of QRS was present. The vectorcardiographic data in the relatives under 20 years without asymmetric septal hypertrophy and in the young normal control subjects are presented in Table 3 . The relatives had a significantly greater Q voltage (p<0 01) and Q/R ratio in z (p<0.05) than the normal control subjects.
The prevalence of vectorcardiographic abnormalities in the young relatives without asymmetric septal hypertrophy is presented in Table 4 . Two standard deviations from the mean of measurements in the control group are considered the normal limit. The vectorcardiographic data in our control group were not significantly different from those already published.26 All vectorcardiographic measurements were within normal limits in seven of the 18 young relatives (39%). Eleven young relatives without asymmetric septal hypertrophy had some vectorcardiographic abnormalities. Ten of these had Q amplitudes greater than 0-80 mV and they were distributed in all the families examined. The subdivision is presented in Table 4 . Of these, only two had Q/R ratio in z greater than 1-2. The distribution of Q amplitude in young relatives without asymmetric septal hypertrophy and in normal control subjects is presented in Fig. 2 . Four young relatives had high voltage of the maximum leftward spatial vector. An abnormal superior orientation of the QRS maximum vector in the frontal plane was observed in three young brothers in family C.
Vectorcardiographic patterns in three relatives under 20 years of age without disproportionate septal hypertrophy are presented in Fig. 3 CW, CCW, MV, and MLSV as in Table 2 ; "8", inscription initially clockwise. Nevertheless, previous studies showed a high percentage of electrocardiographic abnormalities in those relatives where asymmetric septal hypertrophy was also found. ' 2 On the other hand, few data have been reported on the electrocardiographic findings in relatives without asymmetric septal hypertrophy. The present study shows that a relatively large number of relatives of subjects with documented hypertrophic cardiomyopathy may have vectorcardiographic abnormalities, even though the echocardiogram is normal.
The most interesting observation is that ten out of 18 relatives under 20 years of age without asymmetric septal hypertrophy had increased voltage of the anterior forces on the orthogonal electrocardiogram (Q greater than 0-80 mV). Moreover, in each of the four families, at least one young relative who was con- 
and pronounced superior orientation of QRS maximum vector in the frontal plane.
The standard electrocardiogram was within normal limits in 13 young relatives without disproportionate septal hypertrophy; this reflects a higher sensitivity of the vectorcardiogram in detecting increased QRS anterior forces. In fact, 11 young unaffected relatives showed vectorcardiographic abnormalities, but only one of them had increased voltage of QRS anterior forces.
The discrepancy between the electrovectorcardiographic and echocardiographic findings in so many relatives without asymmetric septal hypertrophy is difficult to explain.
First of all, the reliability of the diagnosis of asymmetric septal hypertrophy on the basis of the septal to free wall ratio3 28 34 On the other hand, the electrophysiological mechanism determining tall R waves in the right precordial leads in many subjects with documented hypertrophic cardiomyopathy is still debated: either a disproportionate hypertrophy of the interventricular septum or a conduction disturbance of septal and apical areas could displace the QRS loop anteriorly and to the left.35 36 Conclusive evidence of a relation between this electrocardiographic feature and anatomical features of cardiomyopathy'9 is, however, lacking.
Similarly, the clinical significance of abnormal anterior forces in the young relatives without asymmetric septal hypertrophy will probably be clarified only after follow-up. Moreover, definite conclusions cannot be drawn from the relatively small number of families examined.
In conclusion, we suggest that the observation of increased anterior QRS forces in one or more first degree relatives of a subject with documented hypertrophic cardiomyopathy may be a valuable aid in ascertaining the genetic transmission of the disease, complementing the echocardiographic data. 37 The same feature might also be used to recognise affected or potentially affected members without echocardiographic evidence of asymmetric septal hypertrophy.29 
